" Some say the Earth was fevrous and did shake."-W. Shakespeare, Macbeth, 11, 3 .
I. Introduction
In a previous paper (Takeuchi 1959) , subsequently referred to as Paper I, using the variational calculus, we calculated the periods of torsional oscillations of the Earth, the internal constitution of which was inferred by Sir Harold Jeffreys and Bullen. In making the calculation, we assumed that the rigidity of the core is zero and due to a relative slip at the core boundary the core has nothing to do with the torsional oscillations. In a paper on the compressional oscillations of the Earth, Alterman, Jarosch & Pekeris (1959) attacked the same problem. According to them, the periods of the fundamental oscillation for the azimuthal wave number n = 2 and 4 are 44.1 and z1*9min, respectively. These values agree with 43.4 and 21-5 min in Paper I. In order to check the results obtained by her variational calculus method, Jobert (1959) solved the problem by a finite difference method and got results in good agreement with those of Paper I. Gilbert & MacDonald (1960) , attacking the problem by the homogeneous layer approximation, obtained results disagreeing with those in Paper I. The period 45.5 min for n = 2 obtained by them, for example, differs from our 43'4min referred to above. They attributed the disagreement to the inaccuracy of our variational calculus approximation. It seems to the present author that the disagreement is due to the inaccuracy of their approximation. In fact, an unpublished paper by Sato, Landisman and Ewing gives results preferring ours to theirs. One of the expected results by this kind of study is the estimation of core rigidity. In the present paper, using the variational calculus method of Paper I, we shall study the problems relating to this possibility. Since the boundary conditions (2.2) and (2.5) contain no n, we may take the following trial function in the variational calculation for any n.
where m is a parameter and cc and /? are constants to be determined by (2.2) and (2.5) as follows:
For m = 2, 6 and 20, for example, we have It may be that the rigidity of the core is zero but the coupling between thelmantle and core is perfect. In such a case, we have 1 = lc at the core boundary and we must carry out the p integration in (2.11) in the interval o < 4 < 80 also. This means that the core has no effect in the restoring force but works as an additional mass in the torsional oscillations. As trial functions for Zc(f), we take (3.1), which satisfy the boundary conditions 1 = lc at t = to.
In carrying out the calculations for Models I and 2, we assume that the density in the core pc is constant and pc/pm = 2, where pm is the density immediately above the core boundary. In Model I , in which p = const = po = pm in the mantle, pc/pm is equal to pc/po. The third approximations for P thus obtained are shown in Table 2 . If the core were perfectly rigid, we would have lc = o and A = co. By using
The third approximations for P in this case are shown in Our P's for n = I and 2 agree with theirs well, but for n = 3 and 4, our P's are significantly smaller than theirs. Since the variational calculus method gives P larger than the exact value, and since our method gives P for different n in a systematic way, the disagreement is probably due to some mistakes in their calculations.
Homogeneous core
In order to attack the problem when pc is neither o nor infinite, we assume = const = pc, p = const = pc, and shear wave velocity = const = Vs.c = l/(pc/pc) in the core. The solution Zc of (2.1) in this case is Pa4 lc xVn+*k), x = -9
vs.c and for (5.1) we get A in (2.5) as follows:
Practical numerical computations are carried out as follows. By using (2.8) to (z.Io), we calculate Z(m) for a chosen A, and putting Z(m) thus obtained into the left-hand side of (2.1 I), we get the coefficients in the characteristic determinant.
The integrations in (2.11) are carried out only in the interval 60 < 6 < I . The reason why we can omit the integrations in the interval o < 6 < t o is that since (5.1) is the exact solution of (z.~), the p and p integrals in (2.11) cancel with each other. Equating the determinant thus obtained to zero, we get P = pa/Vg.o. On the other hand, solving (5.2) for the given A, we get pato t0V".OP.
-- Table 4 .
When the coupling between the mantle and core is complete and there is no slip at the core boundary, the periods in the columns under Table 2, Table 3 and Table I in Table 4 are those for pc = 0, pc = 00 and pc in the parentheses. The periods in the column under Table I in Table 4 are also those for the fluid core when due to a slip at the core boundary the core has nothing to do with the torsional oscillations of the Earth. According to Table 4 , in order to make a difference between pe and ,uc = I -275 x 1012 dynlcm2 by observing the torsional oscillation of degree 2, for example, we must make a difference between the period 45 .8 min and 43-4min. The same accuracy in the period determination will be necessary in order to get useful information on the coupling between the mantle and the fluid core. For the oscillations of the larger wave number n, we need more accurate determinations of the periods. In short, in order to get useful information on the rigidity of the core or the strength of coupling between the mantle and core by this kind of study, we must make the observations of periods with the accuracy of several tens of seconds.
